The energy dispersion of fermions or bosons vanishes in momentum space if destructive quantum interference occurs in a frustrated Kagome lattice with only nearest-neighbor hopping. A discrete flat band (FB) without any dispersion is consequently formed, promising the emergence of fractional quantum Hall states at high temperatures. Here, we report the experimental realization of an FB with possible nontrivial topology in an electronic Kagome lattice on twisted multilayer silicene. Because of the unique low-buckled two-dimensional structure of silicene, a robust electronic Kagome lattice has been successfully induced by moiré patterns after twisting the silicene multilayers. The electrons are localized in the Kagome lattice because of quantum destructive interference, and thus, their kinetic energy is quenched, which gives rise to an FB peak in the density of states. A robust and pronounced one-dimensional edge state has been revealed at the Kagome edge, which resides at higher energy than the FB. Our observations of the FB and the exotic edge state in electronic Kagome lattice open up the possibility that fractional Chern insulators could be realized in two-dimensional materials.
INTRODUCTION
In quantum mechanics, the superposition of particle wave functions with unavoidable quantum interference gives birth to new quantum states. Quantum interference associated with frustrated geometry often gives rise to interesting strongly correlated phenomena and the emergence of fascinating nontrivial structures (1) (2) (3) (4) (5) . Very recently, a number of works have proven theoretically that completely destructive quantum interference occurs if fermions or bosons are confined in a frustrated Kagome lattice with only nearest-neighbor (NN) hopping (6) (7) (8) (9) (10) (11) (12) (13) , as illustrated in Fig. 1A . Consequently, the dispersion relation of the trapped particles exhibits a completely flat characteristic, namely, a flat band (FB) , that is, the energy is dispersionless in momentum space. The topologically nontrivial FB can be realized in an electronic Kagome lattice if the non-negligible spin-orbital coupling effect is considered. Consequently, fractional quantum Hall states are expected to emerge when the FB is partially filled (7) (8) (9) , because the electronic FB mimics the Landau levels but does not require a magnetic field.
Inspired by these pioneering theoretical predictions, great efforts toward producing artificial Kagome lattices have been undertaken in recent research to examine quantum destructive interference in this frustrated geometry. Although dispersionless plasmons and polaritons have been consecutively realized in corresponding Kagome micro/ nanostructures (14, 15) , the electronic FB has not been observed, given the challenge in constructing electronic Kagome lattices. For example, molecular Kagome arrangements do not facilitate electronic destructive interference because electron hopping does not follow a Kagome line graph in these structures (16, 17) . The ferromagnetic Kagome metal Fe 3 Sn 2 is an excellent platform for investigating these exotic electronic properties. Nevertheless, only the massive Dirac fermion characteristics have been identified, and the electronic FB is still unclear in this material (18) . Recently, a half-filled FB has been achieved in twisted bilayer graphene with a "magic" angle, resulting in correlated insulating states and unconventional superconductivity after the charge carriers are injected (19, 20) . This suggests that a new electronic state can be created through manipulating interlayer interactions in two-dimensional (2D) materials by interlayer twisting. Silicene, sharing a similar structure with graphene, exhibits exciting and rich physics and has attracted great interest in recent years (21) (22) (23) . Its Dirac electronic structure, chemical stability, and interlayer interactions have been systematically studied (24) (25) (26) (27) (28) . As silicon atoms adopt competing sp 2 and sp 3 hybridization states in silicene, they lead to a low-buckled 2D honeycomb structure, which results in a relatively strong interlayer interaction in multilayer silicene. Consequently, the electronic characteristics of multilayer silicene can be significantly modulated by the interlayer interactions, especially in twisted silicene (28) .
Here, we report the experimental realization of an electronic Kagome lattice with the emergence of an electronic FB on a twisted multilayered silicene surface by using the scanning tunneling microscopy (STM) and scanning tunneling spectroscopy (STS) techniques. The localized electronic states of this FB have been observed and confirmed experimentally. We further reveal that this FB is induced by the electronic Kagome lattice and can induce the edge states even at 77 K, according to STS and density functional theory (DFT). Our work provides an intriguing material candidate for the possible realization of exotic quantum Hall states.
RESULTS
Because of different interactions between silicene and the underlying substrate, abundant silicene phases could be synthesized on Ag(111) (21, 22) that show a strong dependence on the deposition temperature and coverage. After completion of one monolayer, most of the surface area of bilayer and multilayer silicene exhibits a ffiffi ffi 3 p Â ffiffi ffi 3 p honeycomb reconstruction (in terms of 1 × 1 silicene) with a lattice constant of 0.64 nm, as shown in Fig. 1 (B and E) . The ffiffi ffi 3 p Â ffiffi ffi 3 p domains are several hundred nanometers in size with a terrace height of 0.31 nm (see fig. S1 ), which is consistent with previous studies on the 2D multilayer 1 silicene surface (23) (24) (25) (26) (27) fig. S3 ). In general, the moiré pattern in planar honeycomb materials, for example, graphene, is usually reflected by a hexagonal pattern. In the twisted multilayer silicene, a moiré pattern with the Kagome lattice arrangement was observed, as shown in Fig. 1C . Given the strong interlayer interaction in the twisted ffiffi ffi 3 p Â ffiffi ffi 3 p silicene multilayer (28) , the local potential around the AA stacking region should be strongly altered (29) . The AA stacking of buckling atoms and unbuckled regions are labeled by smaller black plates and larger red plates in Fig. 2F , respectively. The remaining region labeled by blue circles is mainly located between the two nearest black plates. These various local potential regions will act as strong scattering centers, leaving the remaining region as an effective periodical electronic lattice. Therefore, the atom patches labeled by blue circles form a Kagome-like lattice, which is the physical origin of the observed Kagome lattice. At low sample biases (|V bias | < 0.2 V), a ffiffi ffi 3 p Â ffiffi ffi 3 p silicene structure with a faint height modulation can be simultaneously revealed in the Kagome lattice (see fig. S6 ). This suggests that the observed Kagome lattice in the STM topographic image is not attributable to the silicon atomic lattice but originates from the local density of states (LDOS).
To reveal the detailed LDOS in the Kagome area, we collected dI/dV tunneling spectra from the sample at different sample positions. Spectra collected in the Kagome area display a broad peak at around 1.7 eV and an intensive single peak at 1.32 eV, which are not detectable from the bare ffiffi ffi 3 p Â ffiffi ffi 3 p silicene surface, as shown in Fig. 2A . The intensities of both peaks are very much higher than any features in STS on ffiffi ffi 3 p Â ffiffi ffi 3 p silicene. For instance, their intensities are much higher than the interlayer rotation-induced van Hove singularity (vHs) peaks at −1.2 and 0.75 V (28) (as shown in the inset spectra in Fig. 2A ), which render the vHs peaks invisible (or negligible) in the dI/dV tunneling spectra in Fig. 2A . This is because the peaks at 1.7 and 1.32 eV are attributable to electronic bands with extremely high DOS. We fitted both peaks by Lorentzian functions to reveal the origins of the corresponding electronic states, as shown in Fig. 2B . For the broad peak at about 1.7 V, two peak components with an interval of 0.13 V were revealed at 1.60 and 1.73 V, respectively. These two components have similar spectral weights, bandwidths, and spectral shapes. The center of the intense single peak is at 1.32 eV. In general, a pronounced single peak with a spectral weight much higher than the vHs peaks in the tunneling spectra indicates band flatness over a large area of the Brillouin zone, which is usually related to two scenarios. The first scenario involves the presence of isolated atoms, defects, or quantum dot systems due to their localized electrons (30) . At different sample biases, however, from −3 to 3 V, we did not observe any topographical characteristics of isolated atoms, defects, or quantum dots in the STM images of the Kagome area. The first scenario can therefore be ruled out. The second scenario involves localization induced by quantum destructive interference. For instance, the electrons can be localized by destructive interference via multiple hopping paths (31) , which is the core concept of quantum interference in condensed matter physics. We conducted dI/dV mapping on the Kagome area at energies of 1.32 and 1.7 V (Fig. 2, D and E), which correspond to the sharp peak and the broad peak, respectively. Coincidently, a clear electronic Kagome pattern is revealed by dI/dV mapping at the energy exactly corresponding to the peak at 1.32 V, as shown in Fig. 2D . The results suggest that the sharp peak is associated with the frustrated Kagome geometry. The peak with such high intensity is not due to large tunneling matrix elements, because the intensity does not vary with different STM tips or other tunneling parameters in our tunneling spectra (see fig. S8 ). In contrast, the STS mapping results for the bias range from 1.60 to 1.73 V show a hexagonal pattern (Fig. 2C and fig. S8 ). 
S C I E N C E A D V A N C E S | R E S E A R C H A R T I C L E
In an electronic Kagome lattice, the behavior of electrons can be understood by the schematic diagram in Fig. 1A . At points A and C, the wave functions are antiphase. If only electronic NN hopping exists, the hopping processes from A to B and from C to B cancel each other out, which effectively localizes the states in the hexagons formed by A and C sites, as shown in Fig. 1A . These localized states manifest themselves as an FB in momentum space. The projection of the FB commonly induces a high-intensity peak in dI/dV spectra, because it is analogous to high degeneracy of electronic states. On the basis of the above discussion, this suggests that the pronounced peak at 1.32 V is attributable to the electronic localization induced by quantum destructive interference in the Kagome geometry. Furthermore, the observation of a Coulomb pseudo-gap in STS spectra collected from the Kagome area, which is induced by the interaction between the localized electrons and their Coulomb potentials (32) , confirmed this electronic localization scenario (see fig. S10 ).
We performed the DFT calculations based on the structural mode of twisted bilayer silicene with a twisting angle of 21.8°, as shown in Fig. 2F . We focused on the spatial distribution of local electron density in the twisted bilayer silicene. Although the electronic band structure is very complex, one can still find two energy windows for the local electron density patterns above 1.0 eV with the same order of energy and a close resemblance to the experimental data. The simulated dI/dV mappings match the experimental data in terms of the patterns and energy order, which is consistent with both the original Kagome model (Fig. 2, G and H) and the experimental observations (Fig. 2, D and E) and suggests that the expected stacking order is reasonable.
DISCUSSION
To obtain clues to the spatial distributions of the wave functions for the Kagome lattice compared with the experimental dI/dV mappings, we also performed DFT calculations on an artificial Kagome lattice with three Si atoms (left inset of Fig. 3 , a = b = 6 Å, c =30 Å, a = b = 90°, g = 60°). As shown in Fig. 3A , the standard Kagome tight-bonding (TB) band features are shown in the three projected bands of the p z orbitals (marked with red dots), where two Dirac bands (marked with 1 and 2) and one FB (marked with 3) could be identified. The 2D mapping of electron charge densities sampled in the energy range of the Dirac bands and the FB with different energy values are displayed in Fig.  3 (F to H) . It is clear that the Kagome-like pattern of local electron charge density exists in either the FB (Fig. 3H) or the Dirac bands (Fig. 3, F and G) . Nevertheless, the hexagonal pattern can be observed at an energy level apart from the Kagome bands in this artificial model (marked with 4). The simulated results suggest that the coexistence of the Kagome and hexagonal patterns should be a key feature of the local electronic structure for a Kagome lattice, where the Kagome pattern can be identified in one energy range and the hexagonal pattern is correlated with the energy level higher than the Kagome pattern. The experimental data agree well with these features, as shown in Fig. 3 (B to E) . Thus, the FB originates from the formation of the electronic Kagome lattice, and the formation of the BP in Fig. 2B is correlated with the trivial electronic bands, in which its higher intensity is a result of the integration of mixed bands in the deep energy level in Fig. 3A .
The projected DOS (PDOS) is shown in Fig. 3A (right) , where the signal from the p z orbital, which is labeled by the red lines, shows a pronounced peak in the energy level of the FB. In principle, the Dirac band feature could also be observed in the STS data as well as appearing in the PDOS (Fig. 3A) . Whether it could be observed or not, however, depends on the energy resolution in the dI/dV tunneling spectra or the hopping parameter in the TB model. From a Kagome TB model, the band dispersion of the Kagome bands is 3t, where t is the NN hopping parameter in the electronic Kagome lattice. The value of t decreases with an increasing lattice constant of the electronic Kagome lattice, from 1.0 eV (with a lattice constant of 6 Å) to 0.1 eV (with a lattice constant of 9 Å) (see fig. S16 ). Experimentally, the lattice constant of the electronic Kagome lattice is as large as about 17 Å, where a very small hopping parameter and narrow energy range could be expected. The low intensity and narrow energy range have the result that the features of the Dirac bands become invisible in STS. Therefore, it is reasonable that only a single peak induced by both the Dirac bands and the FB could be identified in dI/dV tunneling spectra. Figure 4A shows Fig. 4C , the topographical image of the border region reveals a ">" structural terrace edge of the Kagome area, as indicated by the white dotted line. Within the Kagome area, all the complete Kagome lattice cells closest to the terrace edge can be identified. The A, B, and C sites in the complete Kagome lattice cell are labeled by blue, white, and red circles, respectively. When we connected their B sites, a boundary (marked by the black dashed line) that separates incomplete Kagome cells and complete Kagome cells can be seen and is defined as the "Kagome edge" hereafter. In STS mapping in the same region, the spatial distribution of the FB peak at 1.32 V is only confined within the area with complete Kagome lattices (left area to Kagome edge), but it is absent between the Kagome edge and the terrace edge ( Fig. 4D and Supplementary Materials) . The distance between the Kagome lattice and the terrace edge is about 2 nm in real space, which is significantly larger than the lattice constant of ffiffi ffi 3 p Â ffiffi ffi 3 p silicene. A ")"-shaped electronic state appears in the STS mapping with a sample bias of 1.45 V, the spatial distribution of which matches perfectly with the Kagome edge (Fig. 4E ). This state spreads over several atomic rows with a width of about 2 nm in real space. It is much wider than the edge state induced by edge dangling bonds or atomic reconstructions, which decays exponentially away from the terrace edge (33, 34) . There is a clear dangling bond-induced state along the terrace edge with a spatial distribution of less than 1 nm (Fig. 4F) . Furthermore, the edge state appears along all island edges with a regular shape in the Kagome lattice region (Fig. 4B and Supplementary Materials) . Therefore, the ")"-shaped electronic state at a sample bias of 1.45 V in the STS mapping is attributed not to dangling bonds but to the Kagome edge. These mapping results suggest that electronic Kagome geometry gives rise to new electronic edge states due to symmetry breaking in the Kagome lattice.
On the basis of the results and analysis above, the most reasonable picture in physics that we could find may be stated as the following. With the twisting between the Si layers, a screened periodic Coulomb potential field is formed. Then, the nearly free electrons are dominated by the periodic potential, leading to the observation of an electronic Kagome lattice and the FB around 1.3 V, and a hexagonal pattern around 1.7 V. This scenario is also supported by the strong edge state at an energy right above the FB energy (Fig. 2D) at the Kagome edge, which represents the scattering of nearly free electrons on the boundary of the screened periodic Coulomb potential field. This is an inevitable result of broken symmetry in this Kagome system, just as the surface states in semiconductors are always at an energy right above their valence bands. Moreover, it is found that the unique ffiffi ffi 3 p Â ffiffi ffi 3 p reconstruction could give birth to a ferromagnetic instability, leading to long-range ferromagnetic ordering (35) . This means that the electronic Kagome lattice observed on multilayer silicene may meet the critical preconditions (Kagome lattice, FB, and magnetism) for exotic topological phenomena, making the observed edge state a promising candidate to realize fractional topological quantum states.
In summary, we experimentally realized an electronic Kagome lattice with the emergence of an electronic FB on a twisted multilayer silicene surface. The local potential modulation attributed to the interlayer interaction gives rise to the generation of an electronic Kagome lattice and, thereby, an electronic FB. The electronic edge state induced by broken symmetry in the Kagome regime has been observed. The present experimental results for the band structure and edge states are consistent with the theoretically predicted topological properties of the Kagome lattice.
MATERIALS AND METHODS

Sample preparation and characterizations
The silicene layers were fabricated by the deposition of silicon atoms on the Ag(111) substrate from a heated silicon wafer in a preparation chamber attached to an in situ STM system under ultrahigh vacuum (UHV; <1 × 10 −10 torr). A clean Ag(111) substrate was prepared by argon ion sputtering and subsequently annealed at 820 K for several cycles. The deposition flux of Si was 0.1 monolayer per minute. The temperature of the Ag(111) substrate was kept at 470 K during deposition. The STM and STS measurements were carried out using a low-temperature UHV STM system (STM1500, Unisoku Co.) in UHV at 77 K. The dI/dV spectroscopy was acquired by switching off the feedback loop and keeping a constant tip-sample distance. The modulation amplitude of 10 mV at 613 Hz was applied, and the corresponding changes in current were measured using a standard lock-in technique.
DFT simulations
All calculations were performed with the Vienna Ab initio Simulation Package (36, 37) . The Perdew-Burke-Ernzerhof (PBE) (38) functional and a 400-eV cutoff energy on plane-wave basis sets were used in the calculations. A 17.60 Å × 17.60 Å × 30.00 Å unit cell was used for both low-buckled silicene with the H model and the bilayer silicene model to match the ffiffiffiffiffi 21 p Â ffiffiffiffiffi 21 p geometry. G-Centered 5 × 5 × 1 K-mesh sampling was used for the cell. Both low-buckled and ffiffi ffi 3 p Â ffiffi ffi 3 p silicene single-layer models were relaxed until the force on each atom was less than 0.02 eV/Å. Then, the silicon backbone was fixed in the calculations for the H-passivated model and the bilayer model.
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